Liver fibrosis is the final pathway stage of most chronic liver diseases, and is the main reason for increased mortality in affected patients. Hence, this study was undertaken to evaluate the hepatoprotective effect and the efficacies of resveratrol against thioacetamide (TAA) induced liver fibrosis in rats. The experimental model of liver fibrosis in rats was induced by intraperitoneal (i.p) injection of TAA at a dose (200mg/Kg b.wt / thrice / week) for 6 weeks. A total of fifty five male rats were used in this study. All rats were divided into four groups. Group I: (Control normal group) rats received no drugs. Group II: (TAA-group). Group III: (TAA + resveratrol protected group) rats injected with TAA and administered resveratrol (0.5 mg/Kg body weight / day, intraperitoneally) from the 7 th week to 12 th week. Group IV: (TAA + resveratrol treated group) rats firstly injected with TAA from the 1 st week to 6 th week and treated daily with resveratrol (0.5 mg/Kg body weight, intraperitoneally) from the 7 th week to 12 th week. Blood samples and liver tissue were taken and processed directly for some biochemical parameters determination. The obtained results revealed that, a significant increase in serum ALT, AST and ALP activities, IL-6, TGF-β1 and liver L-MDA concentrations were observed in TAA injected rats. However, administration of resveratrol to TAA induced liver fibrosis in rats exhibited a significant decreased in all mentioned parameters and attenuated the increased L-MDA concentration in liver tissues. On the other hand, a significant decrease in liver antioxidant enzymes (SOD and CAT) activities were observed in TAA injected rats when compared with control normal group. Meanwhile, resveratrol administration resulted in a significant increase in liver SOD and CAT activities. It could be concluded that, inhibition of lipid peroxidation, inflammation and oxidative stress and enhanced antioxidant enzymatic status in rats liver by resveratrol suggest the potential efficiency of resveratrol as a natural hepatoprotective and anti-inflammatory agent in treatment of liver fibrosis.
INTRODUCTION
Liver is a vital organ that plays a major role in metabolism, energy production and bile production, storage of iron, vitamins and trace elements, detoxification and conversion of waste products for excretion by the kidneys (Phyllis, 2012) . Fibrosis is an important cause of liver dysfunction and portal hypertension (Roskams et al., 2003) . There is increasing evidence that, unlike cirrhosis, fibrosis is treatable and reversible in its early stages (Fowell and Iredale, 2006) . Knowledge of the stage of fibrosis is crucial for patient care because patients with mild disease should be monitored and those with advanced disease must be treated (Marcellin et al., 2002 (. Liver injury or liver dysfunction is a major health problem that challenges not only health care professionals but also the pharmaceutical industry and drug regulatory agencies. Liver cell injury caused by various toxicants (certain antibiotic, chemotherapeutic agents, carbon tetrachloride (CCL 4 ), thioacetamide (TAA), D-galactosamine, paracetamol, excessive alcohol consumption and microbes are well-studied (Vuyyuri et al., 2014) . TAA is a widely used sulfur-containing compound both in the laboratory and in various technical applications and can also be present in the environment as organic sulfur compounds (Zaleska et al., 2007) . Thioacetamide is a highly specific hepatotoxic material causing liver injury and dysfunction, containing thiono-sulfur compound and is well known to induce hepatic damage by generation of reactive oxygen species (ROS) (Wang et al., 2012) . Shortly, after its administration, the thiono-sulfur group of TAA undergoes an extensive metabolism by the mixed function oxidase system in the body to produce acetamide, that does not have liver necrotizing properties, and TAA-S-oxide by a microsomal monooxygenases requiring NADPH and cytochrome P450 (Baskaran et al., 2010) . In a further step, TAA-S-oxide is transformed to TAA-S-S-dioxide, which is a highly reactive unstable compound that is thought to covalently binding to liver macromolecules and responsible for initiation of hepatic damage and centrilobular necrosis, (Chilakapati et al., 2005) , and generation of ROS that leads to hepatocellular death via oxidative stress (Sarkar and Sil, 2007) .
In recent years, there has been renewed interest in the treatment against different diseases using herbal drugs as they are generally non-toxic and World Health Organization has also recommended the evaluation of the effectiveness of plants in condition where we lack safe modern drugs (Ayyanar et al., 2008) .
In particular, resveratrol (3, 4′, 5-trihydroxystilbene) a natural polyphenol, is synthesized by various plants in response to injurious substances (Engelhard et al., 2004) . It is a compound belonging to the stilbene class of aromatic phytochemicals existing in cis and trans forms. RSV is predominantly found in nature in peanuts (Arachis hypogaea) (Sanders et al., 2000) and grapes (Vitis vinifera) (Burns et al., 2002) .Other natural sources of resveratrol include mulberries, blueberries, cranberries, bilberries, turmeric, and hops (Lyons et al., (2003); Baur and Sinclair, (2006) ). It has broad physiological and pharmacological functions including antioxidation, antiplatelet agglomeration, modulation of blood lipid metabolism, antiinflammation and inhibition of tumor growth (Hong et al., (2009); Hassan-Khabbar et al., (2010) ). Accordingly, the present study aimed to evaluate the hepatoprotective and treatment effects of RSV as a natural antioxidant agent on liver fibrosis induced by thioacetamide (TAA) in rats.
MATERIAL AND METHODS

Experimental animals:
Fifty-five white male albino rats of 8-10 weeks old and weighting 150-200 g were used in the experimental investigation of this study. Rats were obtained from the Laboratory Animals Research Center, Faculty of Veterinary Medicine, Benha University, housed in separated metal cages and kept at constant environmental and nutritional conditions throughout the period of experiment. The animals were fed on constant ration and water was supplied ad-libitum. The rats were left 15 days for acclimatization prior to the beginning of the experiment.
Chemicals and antioxidants:
2.2.1 Thioacetamide (TAA): TAA Known as thioacetamide acid, or acetothioamide the molecular formula (CH 3 CSNH 2 ). TAA exists at room temperature as colorless to yellow crystals with a slight odor of mercaptans. It is highly soluble in distilled water and physiological saline. Thioacetamide was purchased from Sigma Aldrich Company Co. for Trading Chemicals, Medicines and Medical Appliances.
Induction of liver fibrosis: Thioacetamide was freshly dissolved in 0.9% NaCL solution, and administered to rats at a dose level of (200 mg/kg b.wt/i.p.) 3 times per week for 6 weeks for induction of liver fibrosis (Said et al., 2013 Preparation and dosage of Resveratrol: Resveratrol was freshly prepared in 5% Ethanol, and administered to rats at a dose level of (0.5 mg/kg b.wt/day, i.p.) for 6 weeks (Su et al., 2006) .
Experimental design:
After acclimatization, rats were randomly divided into four groups, each group contains 10 rats except group II contains 25 rats placed in individual cages and classified as follow:
Group I: (Control normal group) rats received no drugs served as control for all experimental groups. 
Sampling:
Blood samples and tissue specimen (liver) were collected from all animal groups (control and experimental groups) at the end of experiment.
Blood samples:
At the end of the experimental period (12 weeks) rats were fasted overnight, then blood samples were collected from the retro-orbital venous plexus located at the medial canthus of the eye by means of heparinized capillary tubes.
Blood samples were collected in dry, clean test tubes and incubated for 1/2 hr at room temperature to allow clotting for serum separation. Clear sera were separated by centrifugation at 3500 r.p.m. for 15 minutes and then collected in Eppendorf's tubes using automatic micropipettes and kept in a deep freeze at -20°C until used for subsequent biochemical analysis. All serum samples were analyzed for determination of the following parameters: ALT, AST, ALP, interleukin-6 (IL-6) and transforming growth factor-β1 (TGF-β1).
Liver tissue for biochemical analysis:
After finishing blood sampling, rats of each group were sacrificed by decapitation and the liver was rapidly excised clean by rinsing with ice-cold isotonic saline, and then blotted between 2 filter papers. These tissue samples were quickly frozen in a deep freezer at (-20°C) for subsequent biochemical analyses. All liver samples were analyzed for determination of superoxide dismutase (SOD), catalase (CAT) and Lmalondialdehyde (L-MDA).
Biochemical analysis:
Serum ALT, AST, ALP activities, IL-6 and TGF-β1 concentrations were determined according to the methods described by (Pappas, (1989) ; Tietz, (1995) ; My BioSource Rat IL-6 ELISA Kit, Catalog Number: (MBS 175908) ; Rat TGF-β1 ELISA Kit, Catalog Number:
(SEA124Ra), respectively. Moreover, liver tissue L-malondialdehyde (L-MDA) concentration, catalase (CAT) and superoxide dismutase (SOD) activities were determined according to the methods described by (Mesbah et al., (2004) ; Fossati et al., (1980) ; Nishikimi et al., (1972) ), respectively.
Statistical analysis:
The results were expressed as mean ± standard error (SE) to evaluate variations in data. The obtained data were analyzed and graphically represented using the statistical package for social science (SPSS, 14.0 software, 2008), for obtaining mean and standard deviation and error. The data were analyzed using one-way ANOVA to determine the statistical significance of differences among groups. Duncan's test was used for making a multiple comparisons among the groups for testing the intergrouping homogeneity. Significance was accepted at p ≤ 0.05.
RESULTS
The obtained data presented in tables (1 and 2) revealed that, a significant increase in serum ALT, AST, ALP activities, IL-6 and TGF-β1 concentrations were observed in TAA induced liver fibrosis in rats when compared with control normal group. Whereas, in resveratrol protected and treated groups a significant decreases in serum ALT, AST, ALP activities, IL-6 and TGF-β1 concentrations were observed when compared with TAA treated group.
Moreover, liver L-MDA concentration was significantly increased and SOD and CAT activities were significantly decreased in TAA induced liver fibrosis in rats when compared with control normal group. Whereas, in resveratrol protected and treated groups a significant decrease in serum ALT, AST, ALP activities, IL-6 and TGF-β1
concentrations were observed when compared with TAA treated group. However, in resveratrol protected and treated groups a significant decrease in L-MDA concentration and marked increases in SOD and CAT activities were observed in liver tissues when compared with TAA treated group. 
DISCUSSION
Liver fibrosis is a consequence of sustained chronic injury from a variety of causes, including viral, drug-induced, autoimmune, cholestatic, and metabolic diseases (Friedman, 2003) . The obtained data demonstrated in tables (1 and 2) revealed that, a significant increase in serum ALT, AST, ALP activities, IL-6 and TGF-β1 concentrations were observed in rats injected with TAA for 6 weeks when compared with control normal group. These results came in accordance with Zhang et al., (2017); Seif ElDin et al., (2016) ; Mahfouz et al. (2016) ; Akdemir et al. (2016); Algandaby (2016) who reported that, rats injected with TAA caused a significant increase in serum AST and ALT activities as compared to control normal group. Also, Haghighi et al., (2013) ; Wang et al., (2011c) ; Shaker et al., (2011a) reported that, the injection of rats with TAA produced a significant increase of ALP activity when compared with control normal group.
In addition, the marked elevation of serum IL-6 concentration in TAA injected rats came in accordance with (Bashandy et al., (2017) ; Mona et al, (2017); Seif El-Din et al., (2016) ) who reported that, serum IL-6 concentration was significantly elevated in TAA-treated rats when compared with control normal group. Moreover, Akdemir et al., (2016) ; Baraka and Guemei, (2015) ; Mona et al., (2013) reported that, serum TGF-β1 concentrations was significantly elevated in TAA ijected rats when compared with control group. Increased activities of AST, ALT may be interpreted as a result of the liver cell destruction or changes in the membrane permeability indicating severe hepatocellular damage induced by TAA, which is in accordance with other recorded by (Schmatz et al., 2012) and this showed the stress condition of the TAA treated animals. Jain and Singhai, (2011) interpreted the elevated levels of AST and ALT as a result of the hepatocytes damage or alterations in the membrane permeability indicating the severity of hepatocellular damage induced by TAA, which is in accordance with previous reports of ( Sehrawat et al., 2006 ). In the current study, the rise in AST and ALT activities induced by TAA were significantly reduced after RSV administration when compared with TAAinduced liver fibrosis. The protective and treatment activity of RSV might be due its effect against cellular leakage and loss of functional integrity of the cell membrane in hepatocyte. Elevation of serum ALT, AST, ALP and bilirubin in blood often reflect hepatocellular damage. Resveratrol acts as a hepatoprotective agent is reported to have a protective effect on the plasma membrane of hepatocytes (Rivera et al., 2008) .
Diminishment in ALP after resveratrol treatment is also indicative of its membrane stabilizing activity (Fan et al., 2009 ).
On the other hand, administration of resveratrol whatever treatment or protective with TAA significantly decreased serum IL-6 concentration as compared with TAA injected rats group. This result was in agreement with (Birrell et al., (2005) ; Ma et al., (2005) ; Bujanda et al., (2008); Bisht et al., (2010) ) who reported that, resveratrol exhibited antiinflammatory effect in vitro and in vivo and inhibited the release of inflammatory cytokines such as IL-6. Also, administration of resveratrol to TAA induced liver fibrosis in rats significantly decreased the concentration of serum TGF-β1 as compared with TAA alone. Similarly, Hong et al., (2010) investigated the protective effect of resveratrol on dimethyl nitrosamine (DMN)-induced liver fibrosis in rats and observed that, resveratrol showed a reduction in mRNA expression of fibrosis-related genes such as transforming growth factor beta 1 (TGF-β1). Also, Lee et al., (2010) shown that, oral administration of resveratrol (20 mg/ kg daily for 4 weeks) remarkably prevented the DMNinduced loss in body and liver weight and the reduction in transforming growth factor-β1 mRNA expression.
The current study revealed that, administration of TAA to normal rats exhibited a significant reduction in liver SOD and CAT activities when compared with control normal group. The present study showed the oxidative/anti-oxidative status in the liver after TAA administration causes a significant decrease in the antioxidant enzyme activities and increased lipid peroxidation as reported by Sarkar and Sil, (2007) who showed that, TAA treatment caused depletion in the activity of antioxidant enzymes (CAT and SOD); therefore, it could be said that, TAA caused the cellular damage by inhibiting the activity of the antioxidant enzymes. Higher pro-oxidant liver status in rats with TAA is likely to involve a high consumption of cellular and circulated antioxidants. This could be partly related to the decrease in the liver activity of CAT. However, an important compensatory mechanisms like the upregulation of SOD activity, is developed by the liver. It could indicate an activation of cellular defense mechanisms in order to protect the hepatocytes from harmful consequences caused by oxidative stress (Lebovitz et al., (1996) ; Suttorp et al., (1986)) Catalase is responsible for .
breakdown of H 2 O 2 an important ROS, formed during the reaction catalyzed by SOD, reduced activity of catalase after exposure to TAA could be correlated to increased generation of H 2 O 2 (Ansil et al., (2011) .
In the present study, administration of RSV whatever treatment or protective with TAA significantly increased liver SOD and CAT activities when compared with TAA alone. This results are nearly similar to those reported by Hong et al., (2010) who investigated the protective effect of resveratrol on dimethyl nitrosamine (DMN)-induced liver fibrosis in rats. Who showed that, resveratrol increased the activity of SOD. Also, Simão et al., (2011) reported that, treatment with RSV markedly reversed the alterations and almost restored to near normal activities in enzymatic parameters SOD and CAT brought about by ischemia/reperfusion. Treatment with resveratrol prevented the reduction in SOD and CAT activity in liver of streptozotocin-induced diabetic rats, indicating a possible role of this polyphenol in free radical inactivation and in the antioxidant defense (Schmatz et al., (2012) ). Also, (Cao and Li, (2004) ; Leonard et al., (2003) reported that, resveratrol is able to up-regulate mRNA expression for antioxidant enzymes. Based on these findings, we can suggest that, resveratrol is able to modulate SOD and CAT activities, which may be very important since it increases the scavenging capacity of ROS of liver providing higher protection against oxidative damage in this tissue. This suggestion was confirmed by Leonard et al., (2003) who reported that, the reactivation in SOD activity promoted by resveratrol may accelerate the dismutation of O 2-to H 2 O 2 , which is quickly removed by CAT protecting the hepatic tissues against highly reactive and toxic hydroxyl radicals and consequently preventing the lipid peroxidation.
The obtained results revealed that, administration of TAA to normal rats exhibited a significant increase in liver L-MDA concentration when compared with control normal group. These results came in agreement with Ansil, et al., (2011); Shaker et al., (2011b); Baraka and Guemei, (2015); Seif El-Din et al., (2016); Akdemir et al. (2016) who reported that, TAA administration resulted in a significant increase in hepatic MDA concentration as compared to control normal group. MDA is the main product of lipid peroxidation and its concentration usually reflects the total level of lipid peroxidation (Tsai et al., 2010) . TAA has been found to stimulate lipid peroxidation by generation of ROS (Bruck, et al., 1999) . Administration of RSV whatever protective or treatment to liver fibrosis induced in rats significantly decreased L-MDA concentration. This result came in agreement with Kumar et al., (2007) who reported that, a significant reduction in brain MDA concentration was observed in diabetic rats treated with RSV. Similarly, Sebai et al., (2010) recorded a significant reduction in liver MDA concentration to near control concentration was observed in rats pretreated with RSV against lipopolysaccharideinduced lipoperoxidation. Also, Sehirli et al., (2008) recorded that, RSV caused a significant reduction in hepatic MDA concentration of naphthalene treated rats toward the control levels. Numerous investigations have reported that, resveratrol inhibited effectively the lipid peroxidation of cellular membranes, the protein oxidation as well as the DNA damage due its ability to directly scavenge various free radicals, including superoxide radicals and peroxyl and hydroxyl radicals (Leonard et al., (2003); Bradamante et al., (2004) . Moreover, Eybl et al., (2006) reported that, rat pretreatment with RSV abolished the inductive effect of cadmium on hepatic lipid peroxidation. Resveratrol has been reported to prevent oxidative stress and lipid peroxidation (LPO) (Chávez et al., (2008) , which might be due to the phenolic moiety present in its structure. The ability of the resveratrol is to exert protective effect against intoxication by reducing the MDA production that is indicative of its antioxidant activity.
CONCLUSION
In conclusion, the findings of the present study demonstrated that, resveratrol (RSV) administration provided an effective protection and treatment option against hepatic fibrosis and oxidative damage in liver induced by TAA in rats, since these natural antioxidant agent were able to ameliorate serum biomarkers of hepatic function, enzymatic antioxidant defense system, prevent the lipid peroxidation and oxidative stress in hepatic tissues. From my point of view as shown in the current study protective effect of RSV is more efficient than treatment. 
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